The beam from the Fermilab Linac is injected onto a bump in the closed orbit of the Booster Synchrotron where a carbon foil strips the electrons from the Linac's negative ion hydrogen beam. Although the Booster itself runs at 15 Hz, heat dissipation in the orbit bump magnets has been one limitation to the fraction of the cycles that can be used for beam. New 0.28 T pulsed dipole magnets have been constructed that will fit into the same space as the old ones, run at the full repetition rate of the Booster, and provide a larger bump to allow a cleaner injection orbit. The new magnets use a ferrite in the yoke rather than laminated steel.
INTRODUCTION
The present injection system for the Fermilab Booster was designed in the early 1990s and was built with stacking operations to the Fermilab P-Bar Source in mind. Operation with repetition rates higher than 20% (3 Hz) were never expected. Typical rates were on the order of 10%.
Currently the Booster provides protons for MiniBooNE and NUMI, as well as the P-Bar Source and will require the capability of repetition rates to 10 Hz or more. Due to severe heating in the present magnets the operational repetition rate is limited to 7.5 Hz. New magnets have been designed which are capable of continuous operation at 15 Hz (100% duty factor). These magnets have been designed to be radiation hard. The new magnets are stronger than the present magnets by ~15%. This increase in strength will allow injection into the Booster with the injection closed orbit at the center of the horizontal aperture rather than 1 cm radially outside of center as at present. This will significantly increase the horizontal injection aperture. These magnets will be installed in the Booster during the fall shutdown 2005.
In operation the magnets see a current waveform that rises roughly linearly in 20 µS to a plateau at about 15 kA. The current is held constant during injection of multiple turns of beam, up to 35 µS. The current is then ramped down over 20 µS.
CONSTRUCTION
The magnet cross section is shown in Figure 1 . The major differences between the new magnet design and the old are cooling for the conductor and the use of G4, a NiZn ferrite [1] , for the magnet core instead of laminated steel. The use of ferrite provides several benefits. Construction is simplified because the stack up of precision-machined ferrite blocks is much easier than stacking and gluing many thousands of very thin steel laminations. The amount of epoxy in the vacuum is reduced. It is also not necessary to insulate the current conductor or the ferrite core. Core power losses are considerably reduced and it is not necessary to actively cool the core. Any necessary core cooling is provided by direct conduction to the stainless steel skin of the magnet. It is estimated that the core loss is reduced from ~1 kW to ~200 Watts by the use of ferrite instead of laminations.
The only electrical insulation used in the magnet is at the feed-through from vacuum to atmosphere for the power and cooling water. The insulating material is PEEK [2] which has excellent radiation resistant properties. Standard double ferrule fittings provide the vacuum seal between the copper current conductors, the PEEK insulators, and the stainless steel vacuum skin. The nominal magnet parameters are listed in Table 1 . 
FIELD CALCULATIONS
During the magnet design the field was modeled in three dimensions at the operating frequency using Opera-3D [3] . There is a quadrupole component of the field at the lead end due to the asymmetrical configuration of the leads and their connection to the single turn coil. Figure 2 shows the main bending field By at y=0 as a function x and z. 
FIELD MEASUREMENTS DC Measurements
Magnetic measurements have been made at a low DC current, 1700 A, allowing precise determination of all field components due to geometrical effects. The primary measurement tool was a rotating tangential coil that extended through the magnet, measuring all components of the field integral. Figure 3 shows the integral of the main field, ∫By dl, as a function of horizontal position, recreated from the harmonic components. 
AC Measurements
The power supply for the AC field measurement is a half-sine wave pulser that provides an output at the nominal peak current of 15 kA. It was not possible to excite the magnet with a flat-top pulse similar to the actual operational current for these measurements.
The measurements were taken using a long single turn Bdot coil so that the total field integral is measured. The probe is scanned from side to side across the aperture to provide field data as a function of position. The data are recorded, typically using a 20 pulse average, for both the Bdot coil and the power supply current simultaneously, with a 2.5 Msample/sec, 16-bit digitizer. The Bdot signal is digitally integrated and the result is normalized to the nominal 15 kA current. Table 2 and Figure 4 show the results of the field measurements on the first production magnet. Extrapolation of the DC field components from measurements at 500 A, 1000 A, and 1700 A indicate that the field components measured at higher AC current are probably compatible with those measured with the 1700 A DC current. The measured DC components are listed in Table 2 also. 
DISCUSSION
Magnet modeling prior to production had predicted some amount of quadrupole component due primarily to asymmetric current flow at the power feed end of the magnet and an attempt was made to compensate this effect by modifying the shape (see Figure 1 ) of the crossover conductors. A small quadrupole component is not a concern if the magnet is used in a four-magnet injection scheme similar to the present injection method, since the magnets can be arranged to cause dipole folddown effects of the quadrupole components to cancel exactly. However, a new injection scheme [4] using only three bump magnets, has since been proposed and is going to be installed in the Booster. In this configuration the cancellation is not exact and will cause an orbit distortion of ±2.5 mm while the bump magnet field ramps down at the end of the beam injection [5, 6] . Various methods of compensation without rebuilding the magnet are being investigated. It is felt that this small orbit distortion will not be a significant problem even if it is left uncompensated.
